The technical approach "use -parts' change -engine performance change" has been adopted to study and analyse the gas unit parts' performance changes of an engine after a long time operation. The mechanism of performance decline of the turbine is analysed based on the numerical simulation, the impact of components' performance decline on overall engine performance is studied and the correlation analysis is carried out. The results show that the change of turbine tip clearance, roughness increase and surface change will lead to the enhancement of secondary flow and the increase of influence area, and the turbulence effect is strengthened, resulting in the decrease of turbine circulation capacity and efficiency. The booster ratio of high pressure compressor, the flow capacity of high pressure and low pressure turbines, the flow capacity and efficiency of fan are the major component parameters causing the overall engine performance's degradation. And it also provides theoretical basis for the prevention of engine performance's degradation and online washing of parts and the whole machine.
Introduction
The engine of a navy carrier aircraft should meet the requirements of the escape away for slipping off. Due to the particularity of marine shipborne environment, failure and performance degradation of the engine's components are more serious. The decrease of thrust and other indicators will directly affect the flight safety of the carrier aircraft. Therefore, it is urgent to study the performance degradation mechanism and reasons of the engine and using the corresponding maintenance and repair technology and making a reasonable arrangements for maintenance time to avoid or reduce the performance recession of engine.
A large number of studies on the performance degradation of aircraft engines at home and abroad can be divided into two ways: the first way is studying on the declining laws of engine performance based on the change of whole machine Performance and the second way is studying on the decline mechanism from parts to machine. The abroad research works in this field mainly include the influence of blade roughness and engine manufacturing tolerance on the performance of the engine's turbo and compressor [1] [2] [3] , the impact of components' performance degradation on whole engine performance [4] [5] as well as the issues of engine performance degradation and control strategy optimization [6] [7] . In recent years, component performance change process has been analysed by means of experimental and numerical analysis at home [8] [9] [10] [11] [12] .
In this paper, the technical approach "use -parts' change -engine performance change" has been adopted to study and analyse the gas unit parts' performance changes of an engine after running 100h. Based on the numerical simulation, the performance degradation mechanism of the fan and turbine are analysed, the influence of component performance degradation on the whole machine performance is studied and the correlation analysis is carried out, and the characteristic parameters of the gas unit parts are extracted.
Changes in engine gas unit components after prolonged use
Through the investigation and research, various data of a carrier-based aircraft engine after running 100h is obtained. After a long period of operation, the engine has occurred parts wear, cracks, flow channel gap increases, pollution, resulting in a certain degree of engine performance attenuation, this article analyses the possible performance degradation induced factors of the engine from the inspection of the engine gas unit components.
Through the observation, it is found that after a long period operation, there is no significant change in the appearance of the air intake casing, but the oxide layer of adjustable leaves' micro-arc is peeled off, and also there are local drum phenomenon, as is shown in Figure 1 , the peeling off of the adjustable blade protective layer and local drum phenomenon directly affect the smoothness of the airflow channel, while the leaves' material is aluminium alloy so that salt spray corrosion is relatively poor, in ship-borne conditions the adjustable blade protection layer peeling off will cause further corrosion, change the fan flow conditions, affecting the overall performance of the fan. The surface properties of the high-pressure compressor blades and the performance of the main combustion chamber have no obvious change. The high-pressure turbine guide blades at the rear of the main combustion chamber have slight fouling and the roughness increases, as is shown in Figure 2 . The trailing edge of the guide blade has a crack, the longest is up to 8mm (Specified ≯ 6mm). The high pressure turbine rear baffle is subjected to fluorescence permeation detection, and no crack defects are found, it is found that there is a lot of oil on the high pressure turbine disk by decomposition. The correlation measurement results in the process of high pressure turbine decomposition are shown in Table 1 .
The oil on the high-pressure turbine wheel increases the possibility of further fouling, profile change, and roughness increase in the follow-up process. The tip diameter of the component is too small, it indicates that after a long operation the high pressure turbine blade tip gap is too large, which will increase the leakage, reduce the efficiency of the turbine. The low pressure turbine rotor uses a crowned blade, which can effectively reduce leakage of the working wheel, low-pressure turbine performance will not change significantly. Therefore, this paper mainly analyses the performance degradation mechanism of fan and high pressure turbine components.
Performance degradation mechanism of turbine components based on numerical simulation
The performance test of engine components is often costly, especially the blade angle adjustment is not in place, the roughness increases, the leaf type and other components performance analysis in nonnormal conditions are very difficult, therefore in this paper how the change of parts' surface and surface conditions caused by the environment and the use of time will affect the component performance is analysed through CFD technology. Due to space limitations, a brief description of the numerical simulation method is given in this paper.
Numerical simulation method

Reconstruction and correction of geometric model
For the fan, compressor, turbine and other components' leaf type data is the engine's core secrets, through the investigation and research it can only get the basic geometric parameters rather than detailed aerodynamic design parameters of the first level of the fan and high pressure turbine. In this paper, GAMBIT is used to reconstruct the local linearity of each blade, and the geometrical information of GAMBIT is transformed into generalized geometric file IGES to the subsequent BLADEGEN processing software. Reverse design of the turbine blade is used to reconstruct the geometry model of the fan and turbine, the blade design pattern is transformed from "angle-thickness" to "suction surface-pressure surface" mode, and then the leaf type correction is realized by adjusting the pressure surface profile. The reconstructed high pressure turbine blade model is shown in Figure 3 . 
Calculate regions, grids, and theoretical models
Turbine calculation area is "0-level adjustable deflector blade +1-stage rotor + 1 level stator", in order to ensure the calculation accuracy, select the same fan scale for each level of calculation area, multichannel calculation is used. Each calculation channel is "OH-shaped" mesh, and the non-matching grid interface is used for the moving leaves. Using the time-averaged turbulence model to calculate the specific heat flow field of variable specific heat:
The turbulence effect of the flow is calculated by using the
Turbulent viscosity:
The turbine is a typical pressure gradient flow field, so the improved wall function is used, and the wall grid is locally encrypted. The effect of fouling and corrosion on the blade and airflow channel is replaced by roughness equivalent, other import and export conditions are given in accordance with the design documents. The second-order finite volume method is used to solve the control equations, and the computational complexity and the calculation precision are taken into account. The coupling effect of the static and dynamic regions is calculated by the mixed plane method.
Simulation results analysis
The calculation results of the turbine flow field in design point are discussed. There are obvious secondary tip flow in the two conditions of the gap clearance and the excess, for the smaller gap of the leaves, only more than 90% of the leaf height has been influenced by the secondary flow, the area of the secondary flow increases when the gap is large. The secondary flow of the large tip gap creates a large low velocity zone at the tail of the turbine blade, affecting gas deflection and expansion, the secondary flow schematic diagram of a large turbine blade tip clearance is shown in Figure 4 . In addition, the Mach number distribution indicates that the turbine is a guide supercritical highcompound turbine, both guide blade fouling and roughness increase will reduce its flow capacity, Mach number distribution of a large turbine blade tip clearance (90% leaf height) is shown in Figure 5 . turbine blade tip clearance (90% leaf height) Therefore, the change of turbine tip clearance, roughness increase and surface change will lead to the enhancement of secondary flow and the increase of influence area, and the turbulence effect is strengthened, resulting in the decrease of turbine circulation capacity and efficiency. When the fouling caused the change of leaf shape, turbine performance degradation is more serious.
Analysis on the effect of component performance decline on overall machine performance
Analysis on the law of change of whole machine performance
After a long period of operation, the engine performance changes mainly reflects in thrust drop and fuel consumption increases (where the fuel consumption is converted to the same thrust fuel consumption), the acceleration performance of the engine decreases slightly, but not obvious. As is shown in Figure 6 to Figure 8 , after a long period of operation, the engine fan, high pressure compressor inlet guide vane, adjustable stator blade error, and fan blade surface roughness increases, may cause the degradation of efficiency and boost performance of the engine fan and compressor, also the degradation of the engine's total boost performance. The increase of turbine blade roughness and tip clearance may cause the decrease of turbine efficiency and the turbo expansion ratio, and increase of the exhaust temperature.
Correlation analysis of component characteristic parameters and engine performance
The calculation of engine performance parameters will produce some errors by using the aerodynamic thermodynamic performance model of a kind of carrier-based engine. However, the sensitivity and trend analysis are mainly carried out in this paper, so the model meets the requirements.
When the engine is running for a long time, the characteristic parameters of the rotating parts are susceptible to changes and affect the target performance parameters of the engine. Therefore, the high Firstly calculate the correlation coefficient between the engine component characteristic parameter and the target performance parameter. In this paper, a single parameter perturbation method is used. Reduce the component characteristic parameters by 2% successively, while keeping the remaining part characteristics unchanged, calculate the overall performance changes of the engine. For the correlation analysis, the correlation coefficient is normalized and the results are shown in Table 2 . Define the sensitivity of the parameters:
The sensitivity coefficient of each component parameter is shown in Table 3 . Table 3 . Sensitivity coefficient 
Equations and mathematics Conclusion
Through the analysis of a carrier-based engine's performance change after prolonged use, the mechanism of performance degradation of fan and turbine are studied, and then the impact of component performance degradation on overall machine performance is analysed. The following conclusions can be drawn:
(1)the change of turbine tip clearance, roughness increase and surface change will lead to the enhancement of secondary flow and the increase of influence area, and the turbulence effect is strengthened, resulting in the decrease of turbine circulation capacity and efficiency. When the fouling caused the change of leaf shape, turbine performance degradation is more serious.
(2)the engine performance degradation mainly reflects in the decrease of thrust, increase of fuel consumption and exhaust temperature, the acceleration performance of the engine decreases slightly. High pressure compressor boost ratio, low pressure turbine flow, high pressure turbine flow, fan efficiency and fan flow are the main component performance parameters which lead to the engine performance degradation. Therefore, the prevention of engine performance degradation should start with the prevention of degradation on the engine's air compression system and turbine components performance. It also provides a theoretical basis for the engine parts and overall machine online washing.
